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© Homogeneous granular nitrogen fertilizer. 

© An improved aqueous nitrogen fertilizer has been developed that increases first-year nitrogen uptake 
efficiency to plants. It is also a nitrogen fertilizer with features to minimize exposure to nitrogen ioss. It is a 
nitrogen fertilizer consisting of urea, dicyandiamide, ammonium thiosulfate. and optionally a phosphate com- 
pound which is preferably an ammonium phosphate compound. This composition can contain a dye and/or 
various mineral micronutrients. This homogeneous granular fertilizer can be applied to a field crop in a single 
application and is available to the growing plant throughout its growth and maturing cycle. The homogeneous 
granular fertilizer composition is conveniently prepared by the addition of a dicyandiamide, and a solution of 
ammonium thiosulfate to molten urea. A phosphate compound and preferably ammonium polyphosphate, would 
be added along with these components. 
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HOMOGENEOUS GRANULAR NITROGEN FERTILIZER 
FIELD OF THE INVENTION 

This invention relates to- a nitrogen fertilizer which is a homogeneous granular solid and which delivers 
increased nitrogen uptake to plants after application. More particularly, this invention relates to an improved 
urea based nitrogen fertilizer which experiences decreased exposure to losses of nitrogen. 



BACKGROUND OF THE INVENTION 

w Nitrogen is a necessary element in the growth and development of plant life. Some plants such as 
legumes can take up atmospheric nitrogen and fix nitrogen into the soil. However, most plants, and in 
particular many plants used to produce human and animal food, require the use of nitrogen fertilizer to 
supply the necessary nitrogen to the plant. Nitrogen fertilizers have been, and continue to be. applied to 
farm fields during the various development stages of the plants. This is the case since the plant 
is requirement for nitrogen changes during the growth and maturation of the plant. However, even with the 
careful application of nitrogen fertilizers, it is estimated that only about 40% to 70 percent of the nitrogen 
applied as fertilizer is taken up by the crop in a given year. The remaining nitrogen content of the fertilizers 
to which the plants are exposed is essentially lost. This then presents the challenge of how to improve the 
efficiency of the nitrogen fertilizers that are applied to a crop. The two ways to approach this challenge are 
ao to enhance the nitrogen feeding mechanism and to minimize the probability of nitrogen loss. 

The nitrogen feeding mechanism can be enhanced by having the nitrogen present at the right place at 
the right time and in the right form. That is the nitrogen should be an available form In the vicinity of the 
root system when there is a demand for nitrogen by the growing plant. In the past this has been 
accomplished by various scheduled applications of fertilizer during the growing season of the plant Slow 
25 release fertilizers have also been used. However, these techniques have not fully solved the problem. 

As an example of the problem, a corn plant has about a 1 15 day growing period from seed to a mature 
plant. The need of the corn plant for nitrogen varies during this period of time. In the first 25-day period 
when the plant goes from the seed stage to a small plant, the nitrogen requirement is about 19 pounds per 
180 bushels of corn. During the next 25-day period as the plant grows and adds leaf material, the nitrogen 
30 demand is for about 84 pounds of nitrogen per 180 bushels of corn. During the third 25-day period, while 
the plant is still growing and approaching a stage of maturity when tassel and kernel formation is initiated 
the nitrogen requirement is for about 75 pounds of nitrogen per 180 bushels of com. During the fourth 25- 
day penod when there is continued kernel development and kernel growth there is a requirement for about 
48 pounds of nitrogen per 180 bushels of corn. At the point of full maturity and essentially complete cob 
as formation and kernel growth the requirement for nitrogen during the next 15-day period is for about 14 
pounds of nitrogen. Consequently, it can be seen as the corn plant grows and develops its need for 
nitrogen is constantly changing. However, as a rule the highest demand for nitrogen by a corn plant will be 
at the time of tassel formation and kernel development and growth. 

Nitrogen is also necessary for the growth of turf. Turf will not have as deep a root system as corn and 
other food plants and it therefore presents different challenges. Because of the shallow root system and the 
necessity for the nitrogen to be accessible to the turf root system during root growth, it is common practice 
to schedule a multiple number of fertilizer applications to the turf during its growing cycle. However, this is 
costly in both labor and fertilizer product. It is an indication that use of the fertilizer is not being maximized 
It is also an indication that the applied fertilizer has a short effective availability after application These are 
problems that continue to be addressed by turf producers. This is also an area where the present 
homogeneous granular nitrogen fertilizer exhibits distinct advantages. 

The nitrogen in nitrogen fertilizers is lost after an application in various ways. When the nitrogen is 
applied as urea nitrogen, there is exposure to volatilization loss of nitrogen as ammonia. There is also the 
possibility of denitrification loss of nitrogen. In this loss, nitrate which has been applied which has been 
converted by soil organisms from the ammonium ion to the nitrate ion is lost through soil bacteria taking the 
oxygen from the nitrate nitrogen leaving gaseous nitrogen which then escapes Into the atmosphere The 
other loss of nitrate is through a leaching of the nitrate downwardly to below the root level of the plant This 
nrtrate is lost into the lower levels of the soil table or Into ground water. When this nitrate enters the 
groundwater it is considered to be a pollutant. Consequently, it is now a further objective in the use of 
fertilizers to have a minimum amount of the fertilizer to leach downwardly in the soil to the groundwater 
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Plants, including grasses, use nitrogen in the form of ammonium nitrogen and nitrate nitrogen to form 
amino acids which are then polymerized into proteins. The ammonium nitrogen can be taken up directly by 
the root system of the plant from the soil. However, nitrate nitrogen is more readily available to the root 
system of the plant and is more readily taken up than ammonium nitrogen in the early stages of plant 
5 growth. When nitrate nitrogen is taken up by the plant it is converted in the plant to ammonium nitrogen, 
then to amino acids, and then to proteins. One reason that the nitrate ion is more readily available to the 
plant and is more rapidly taken up by the plant is that it has a minus charge as does the clay and humus 
particles in the soil. Consequently, the nitrate ion is not bound into the soil. However, since the ammonium 
ion has a positive charge it is attracted to the clay and humus particles and is held by these particles until 

70 bacteria can cause the conversion of the ammonium ion to nitrate ion. As the ammonium ion is converted to 
nitrate ion it becomes available to the plant root system and is taken up by the plant The plant root system 
can also take up nitrogen in the ammonium nitrogen form. Some research shows that plants prefer the 
ammonium form during the critical mid-season grain-fill period. It is during the periods of highest nitrogen 
demand by a plant that the plant needs to have sufficient nitrate nitrogen and sufficient ammonium nitrogen 

75 available in the area of the root system. Although nitrate nitrogen is rapidly taken up by the root system, it 
is considered that for maximizing the growth of the plant, and the yield from the plant that a balance of 
ammonium nitrogen and nitrate nitrogen is needed during periods of rapid plant growth. 

The present homogeneous granular fertilizers solve many of these problems. These granular fertilizers 
minimize exposure to the loss of nitrogen through volatilization as ammonia. Further, there is (ess nitrogen 

20 prone to denitrification loss and less leaching loss of the nitrogen in the form of nitrate. This is 
accomplished by having a large amount of the nitrogen available as ammonium nitrogen during the early 
stages of application. It is during these early stages of application that the plant does not have a high 
requirement for nitrogen. Since the nitrogen will be present as ammonium nitrogen, it will be held by the 
clay and humus in the soil until it can be converted to nitrate nitrogen. It is then gradually converted to 

25 nitrate nitrogen over a period of several weeks. Since nitrate nitrogen experiences the greater degree of 
loss, and since there is a decreased amount of nitrate nitrogen available, there is consequently a decreased 
loss of the nitrogen in the fertilizer through denitrification or through leaching. The result is an up to about 
25 percent greater nitrogen efficiency. That is, there is an average of about a twenty-five percent increased 
utilization of the nitrogen that is applied to a field. In addition, there is also the factor that there is greater 

30 application flexibility. Since the nitrogen will remain in the soil and be available to the plant for a longer 
period of time, the fertilizer does not have to be applied to the plant in accordance with a rigorous schedule. 
In fact, in many instances the fertilizer can be applied once during the growing season and it will be 
available to the plant throughout the growing season. In addition, this improved fertilizer is compatible with 
various herbicides which can be applied to the area in conjunction with the fertilizer. 

35 

BRIEF SUMMARY OF THE INVENTION 

This new and improved nitrogen fertilizer is a homogeneous granular fertilizer composition. The total 
40 nitrogen content of the fertilizer compositions will be primarily provided by urea. The homogeneous granular 
fertilizer composition is comprised primarily of urea, dicyandiamide and ammonium thiosulfate. A phosphate 
can also be present. The phosphate compound is preferably an ammonium phosphate compound and most 
preferably an ammonium polyphosphate compound. The components of the fertilizer composition will be 
present in the amounts of about 90 to 98 percent by weight of urea, about 1.4 to 3.0 weight percent of 
45 dicyandiamide, and about 0.4 to 1.0 percent by weight of ammonium thiosulfate. A phosphate compound 
will be present in an amount of about 0.3 to 1.0 percent by weight when it is a part of the composition. The 
remainder of the composition will consist primarily of some moisture and urea synthesis by-products. 
However, an herbicide, a dye, mineral micronutrients or other materials can also be incorporated into the 
granules and be a part of the fertilizer. 
so The granular fertilizer is produced from a urea melt. The dicyandiamide and ammonium thiosulfate are 
added to the urea while the urea Is molten, preferably when the urea contains at least about 2 percent by 
weight of moisture, and most preferably at least about 4 percent by weight of moisture. Upon the addition of 
the dicyandiamide and ammonium thiosulfate they are readily dissolved in the molten urea. When a 
phosphate is also to be a part of the composition, such as an ammonium phosphate, it will also be added at 
55 this time. Also other additives such as conditioning agents, dyes and micronutrients will be added at this 
time or at a prior stage in processing the urea. In a preferred embodiment a portion of the molten urea is 
taken as a side stream and the ammonium thiosulfate, dicyandiamide, and other additives blended into this 
side stream. The side stream is then added to the mainstream of the molten urea. After being added to the 

3 
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thai T^T I"" 31 " f f 1 **. T°' ten Ur6a under 9° es evaporation to reduce the moisture content to less 
^LSttL^ /n W o!' 9ht ^ m ° ,ten ^ " th9n Sprayed int0 * d ™ ^ranuiator. The fraction 5 
parses between about 0.84 and 4.76 millimeters in diameter is recovered as product with the undersized 
product being directly recycled and the oversized product being crushed and recycled 

m rJl USe ? 8 u mZQr iS 3PPlied t0 3 fiG,d by means of a dr °P s P feader ™ a broadcast spreader. 

In most instances it will be applied by means of a broadcast spreader 
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DETAILED DESCRIPTION OF THE INVENTION 

10 

t„ JTl T inVemi0n iS dir6Cted t0 improved 9ranular urea fertili2ers ' These fertilizers can be applied 

IXvrifThr" 3t ! ° f *" P,antin9 * th9 COm and be available in •» "Oil throughout the 
growth cycle of the corn plant There is also up to about a 25 percent greater nitrogen efficiency and a 
agmflcant ly decreased exposure to ,oss of the nitrogen in the fertilizer from the sJT^^nlTm 
is me of uptake by the plant. There is a resulting savings in the amount of fertilizer that has to be appKed a 

theZllizer to Sid* aPP,yi ° 9 ,ert " l2er ' 8 S8Vin9S ln the time required for multiple aPP'ica'cns of 

of th?L 9 ? n nt' ar ^"'"f ' ^ 3180 be eff8Clively apP "' 8d 10 M - ,n turf usa 9 e the fertl«»r stays in the area 
on T h h T ^ Stem f ° r 3 ' 0nger P 8 ** 0f Wme and remains in a mora ^able form. The net resuUfe a 
20 turf wh,ch has a controlled growth rate and which provides for a thicker overall turf. There is an 
improvement ,rt qualrty without the need for as many applications as when other fertilizers are used 
nn Jnn e o nt ^ and ,mproved ferti,izer compositions are urea-based compositions. These urea-based com- 

KI^"!L %*"!? ° f dicyandiamide «* ■"•*»*'"» fiosulfate homogeneously distributed 
throughout the compos.t.on. The composition can also contain a phosphate compound. When this is he 

3l£ ZTT* C ° mP0Und iS Pre,6rably 30 amm0nium phospha, ° - ™5 P^abTy ™il 
pojrphosphate. The composition can also contain a conditioning agent, dyes and mi cronutrieni s. TheTare 

from SETS' >T throU9h ° Ut 819 ferti,IZer C0mp0Siti0n ' The ^.izer composition 
from about 90to 98 percent by weight of urea, from about 1.4 to 3.0 percent by weight of dicyandiamide 
and from about 0.4 to 1.0 percent by weight of ammonium thiosulfate. A phosphate impound Then 
present m an amount of about 0.3 to 1.0 percent by weight of the fertilizer composition. T^SndeJ of 
the compos,t.on will consist primari.y of water and by-products from the formation of urea, ^ optional a 
dye and mineral micronutrients. uyuonany a 

The ammonium thiosulfate component of the fertilizer composition will be added to the molten urea as 
an aqueous solution. A 40 to 70 percent by weight aqueous solution is used. Preferabiy abouTa 5 Scent 
by we.ght aqueous solution is used. The remaining components will usually be added as solids 

n n ri n nt a h Preferre t C0 T P ,° 5iti0n J . ,he ,emUer m CM about 96 percent b V wei 0t* of urea, about 22 
SSL? We ' 9 ,° dlcyandiamide ' about 08 P^cent by weight of ammonium thiosulfate. When 
Phosphate is present, .t ,s preferred that it be in an amount of about 0.6 percent by weight 

The dicyandiamide functions in the fertilizer as a slow release source of nitrogen. When maintained in 

UTEST, T" f ° m ' ** nitf0 " n femainS b0und to *• humus and S *■ soS and « b 
susceptible to loss. Consequently, the dicyandiamide is available to the plant as a source of nitrogen for a 

SUES? T Wl " n ° rea 15 C ° nVerted t0 amm0nium •*<*■" some ammonia gi can b?lost ° to 

Mt T^TV ? m T' Um thi0SUlfa,e C ° mp0nent functions as a source <* both nitrogen and ulS 
and further functions to reduce the possibility of ammonia loss when urea converts to the ammonium fZ 

lt?n S L t P ? P ? te . COmP r nt ° f ^ ,erti ' i2er C ° mp0Si,ion Mons 25 a aTdTa TolS 
agent ,n the so. I for the dicyandiamide. The phosphate ion retards the breakdown in the soil of the 

d.cyand.am.de and thus extends the life of the dicyandiamide in the soil. The phosphate compound wSateo 
function to assist in reducing the free ammonia content In the fertilizer suspension COmpouM wn also 
thP TLHZ h ° mo9eneous Sranulated fertilizer is formed through a urea melt technique. In this technique 
rjSSJ! ' amm ° n,um . th ' osulfate «*» componart. are added while the molten urea conZs 
at toast about 2 percent by weight moisture, and preferably more than about 4 percent by weight mTsturc 
Preferably the molten urea will contain about 4 to 6 percent moisture when the dSia^de aS 

to t 94 to S 72Z LiTSL H ™T\ " T W b8 " 3 Pri ° r St9p b8f0re the urea ^concentrated 
uJELfl ^ fCent tevel - M,cronutrien ts. dyes and conditioning agents can also be added at this time 
Usually the cond.tion.ng agents will be added at a point where the urea contains more moisture SuiSte 
conditioning agents are urea formaldehyde and calcium lignosulfonate. These conditioning a?en£ ^decrease 
the hygro S co P1 c nature of the fertilizer granules and increase the flowability of the gZ es 
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In a preferred mode of synthesis the conditioning agent is added to the molten urea prior to the 
moisture content of the molten urea being decreased to about the 2 to 7 weight percent moisture content 
level. After the addition, the molten urea then undergoes an evaporation step to decrease the water content 
to about the 2 to 7 percent level. At this point a side stream of molten urea is taken from the main stream 

s and the dicyandiamide and ammonium thiosulfate are added. The ammonium thiosulfate is added as about 
a 40 to 70 percent weight aqueous solution, and preferably about a 60 weight percent aqueous solution. 
These components along with any dye or mineral micronutrients are added at this point The phosphate 
component would also be added at this point if it is to be a part of the fertilizer. The dye is added merely to 
color the final granules so that they can be distinguished from other grades of fertilizer. After the addition 

w the side stream of molten urea is added back to the main stream of molten urea. This combined stream is 
then sent to an evaporator to reduce the moisture content to less than about 2 percent by weight and 
preferably to less than about 1 percent by weight. The molten urea is then sprayed into a tubular granule 
forming apparatus. The urea spray continually coats the fertilizer particles as they move from one end of 
the tubular apparatus to the other end. The granules exit the tubular granule forming chamber and are 

15 sized. Those that pass through a #4 Tyler Series sieve (about 4.76 millimeters in size) and stay on a #20 
Tyler Series sieve (about 0.84 millimeters) are taken off as product. The undersized particles are recycled 
and the oversized particles are ground and then recycled. Either a batch or continuous process can be 
used. It is preferred to use a continuous process. 

This fertilizer is applied using drop or broadcast spreaders. It is preferred to use broadcast spreaders. 

20 These spreaders apply a granular fertilizer to an area in a shorter period of time. 

The invention will now be described in more detail with reference to the following examples. 
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EXAMPLE 1 



This example sets forth a batch technique for making the present fertilizer. 

1934 pounds of urea are loaded Into a heated vat and heated to 133° C to melt the urea. This urea has 
a moisture content of about 8. to 10 percent by weight. 8 pounds of urea formaldehyde conditioning agent 
are added and dissolved in the molten urea. The molten urea is then fed to an evaporator which reduces 
the moisture content to about 4 to 6 percent by weight. A portion of the molten urea is then extracted from 
the vat and 44 pounds of dicyandiamide added along with 14 pounds of ammonium thiosulfate as a 60 
percent aqueous solution. The dicyandiamide and ammonium thiosulfate quickly dissolve and this molten 
urea now containing dicyandiamide and ammonium thiosulfate is added to the vat containing the molten 
urea. After mixing this molten urea, it is fed to evaporators which reduce the moisture content to less than 
about 1 percent by weight The urea mixture is then cooled and sprayed into a granulator drum. Granules 
that are at least 0.84 millimeters in size and less than 4.76 millimeters in size are collected as product. The 
other granules are recycled or ground and recycled. The result is a homogeneous granular fertilizer with the 
dicyandiamide and ammonium thiosulfate uniformly distributed through each granule. 



EXAMPLE 2 



This example is directed to making the fertilizer composition of Example 1. but with the addition of 
phosphate. 

The procedure of Example 1 is repeated, but along with the dicyandiamide and ammonium thiosulfate, 
there is added 15 pounds of ammonium polyphosphate. Upon the formation of granules the granules will 
contain an effective amount of phosphate. 



EXAMPLE 3-16 

55 This example provides a comparison of the fertilizer of Example 1 with other fertilizers with regard to 
usage on turf. The comparison is made with urea, ammonium nitrate, the commercial fertilizer Sulfur Kote 
and the commercial fertilizer Osmocote. In Table 1 there is set forth the fertilizer material, the pounds of 
nitrogen per lOOOftz and the grams of material per 9 ft 2 plat. The legend (4fr0-0) indicates 46 parts 
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nitrogen, 0 parts potassium and 0 parts phosphate. 



Table 1 



Example 


Nitrogen Rate 
(lb/N/1000 ft 2 


Nitrogen Source 


gm/material/9 ft 2 
Plot 


3. 


0 


None 


n 


4. 


1 


Urea (46-0-0) 


8.88 


0. 


2 


Urea (46-0-0) 


17.76 


6. 


3 


Urea (46-0-0) 


26.64 


7. 


4 


Urea (46-0-0 


35.52 


8. 


1 


Ex. 1 (46-0-0) 


8.88 


9. 


2 


Ex. 1 (46-0-0) 


17.76 


10. 


3 


Ex. 1 (46-0-0) 


26.64 


11. 


4 


Ex, 1 (46-0-0) . 


35.52 


12. 




Urea (46-0-0) 


17.76* 


13. 


2 


Sulfur Kote (37-0-0) 


22.09 


14. 


2 


Ammonium Nitrate 


24.77 


15. 


2 


Osmocote (18-6-12) 


45.40 


16. 




Urea (46-0-0) 


26.64*" 



" two applications of 8.88 gms each 
- three applications of 8.88 gms each 



30 



w T ^ b, ! 2 h SetS ■»? '? avera9e COl0r ratinQS with time - lhm is used a scale ° f 1 to 10. The greener the 
taf. the h,gher v*ll be the value. (For instance 1 = yellow; 2 = acceptable green; 8 = optimum green and 

Z IZZSSSSS" n ° ted ^ Tabl9 2 *" ^ **- - 1 * • gree'ner 



Table 2 





Average Color Ratings With Time 


Example 






Days After Treatment 


10 


13 


22 


17 


27 


36 


44 


56 


66 


78 


3 


3.3 


3.0 


2.7 


2.0 


2.7 


5.0 


4.0 


7.0 


6.3 


6.7 


4 


5.7 


5.0 


6.0 


5.3 


5.7 


6.0 


5.0 


5.3 


5.7 


5.7 


5 


6.3 


6.7 


7.3 


6.7 


7.0 


6.7 


6.7 


5.7 


6.3 


6,0 


6 


6.0 


7.6 


8.0 


7.3 


7.3 


7.0 


6.7 


5.3 


6.0 


5.7 


7 


6.0 


8.0 


9.0 


8.3 


8.3 


8.3 


8.7 


6.0 


6.7 


6.3 


8 


5.0 


4.7 


5.3 


5.0 


5.0 


5.3 


4.7 


5.7 


6.0 


5.7 


9 


6.3 


6.7 


7.7 


7.0 


6.7 


6.7 


7.0 


6.3 


6.3 


6.0 


10 


6.3 


7.3 


8.7 


8.0 


7.7 


7.0 


7.3 


6.0 


5.7 


6.0 


11 


6.3 


7.7 


9.0 


9.0 


8.3 


8.0 


8.7 


5.7 


6.0 


6.3 


12 


5.7 


5.0 


5.7 


5.0 


5.3 


9.3 


8.0 


6.0 


6.7 


6.0 


13 


5.3 


5.0 


7.0 


6.3 


6.7 


6.7 


6.7 


7.0 


6.3' 


6.3 


14 


6.0 


6.0 


8.0 


7.3' 


7.7 


7.7 


8.0 


5.0 


6.0 


6.0 


15 


4.0 


4.0 


4.0 


4.0 


3.7 


5.3 


4.7 


6.7 


6.3 


6.7 


16 


6.0 


5.7 


5.0 


4.7 


5.0 


9.7 


7.3 


6.3 


8.0 


8.0 



EXAMPLES 17-27 
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This example sets out a comparison of the use of the fertilizer of Example 1 with a number of other 
types of fertilizers as applied to corn. These tests were conducted in Kentucky, Illinois and Indiana. The 
fertilizer was applied at the rate of 140 pounds per acre. Each of the fertilizers was replicated nine times 
and the average of these applications taken. Table 3 sets forth the fertilizer utilized and the yield of corn in 
bushels per acre. All yields have been adjusted to 15.5 percent moisture corn. It is seen from Table 3 that 
the yields from the use of the fertilizer of Example 1 generally exceed the use of all other fertilizers 



TABLE 3 



10 



EXAMPLE 


FERTILIZER 


AVERAGE 
YIELDS 


17 


Urea 


121.25 


18 


Urea + DCD 


121.25 


19 


Urea + DCD 


124.78 


20 


Example 1 


142.38 


21 


Urea 


128.8 


22 


Urea + ATS 


114.38 


23 


Urea + ATS + APP 


111.88 


24 


Example 1 


125.21 


25 


Urea 


117.83 


26 


Urea + APP 


119.73 


27 


Example 1 


127.3 


DCD = diacyandiamide ATS = ammonium 
thiosulfate; 

APP = ammonium polyphosphate 



30 



EXAMPLE 28 



This example sets forth a comparison of the use of urea at varied application levels and of the fertilizer 
of Example 1 at varied application levels on the growth of corn. The tests were conducted in Fayette 
County Ohio, each application consisting of a number of replications of test plots. In these tests it was 
found that urea application at 140 pounds of nitrogen per acre yielded an average of 136 bushels per acre 
40 ?1,T" T? 31 a " ^P""" 0 " ,evel of 210 P° unds of nl*ogtn per acre the yield of com was an average of 
142 bushels per acre. In comparison the fertilizer of Example 1 when applied at a level of 140 pounds of 
nrtrogen per acre yielded an average of 149 bushels per acre and when applied at a level of 105 pounds of 
nitrogen per acre yielded an average of 140 bushels. From these tests it is seen that the fertilizer of 
Example 1 will provide an average yield of com in the range of that of com using 35 pounds of nitrogen 

« rach^e^uifiraVnrtra? 5 * S3Vin9S " ^ ' eSS °' the appBad nitr09en to 



Claims 
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*• homo 5 ene ° US 9ranulate<l fertili2er composition comprising as components urea, ammonium 
. ttiiosulfate and dicyandmmide. the foregoing components being in a homogeneous blend by said compo- 
nents being formed into granules from a melt of said urea component. 

agent A h ° m ° 9ene0US fertili2er <*™P°M™ as in claim 1 wherein said granules contain a conditioning 

3. A homogeneous fertilizer composition as in cjaim 2 wherein said conditioning agent Is selected from 
the group consisting of urea formaldehyde and calcium lignosulfonate. 

4. A homogeneous fertilizer composition as in claim 2 wherein said granules contain a dye 

5. A homogeneous fertilizer composition as in claim 1 wherein said granules have a particle size of from 
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about 0.84 millimeters to 4.76 millimeters. 

6. A homogeneous fertilizer composition as in claim 1 wherein said urea is present in an amount of 
about 90 percent to 98 percent by weight, said ammonium thiosulfate is present in an amount of about 0 4 
percent to 1.0 percent by weight, and said dicyandiamide is present in an amount of about 1.4 percent to 

s 3.0 percent by weight 

7. A homogeneous fertilizer composition as in claim 1 wherein said composition contains from about 0 3 
to 1 percent by weight of P 2 Os. 

8. A homogeneous fertilizer composition as in claim 1 wherein said P 2 Os is present as an ammonium 
phosphate. 

io 9. A method of enhancing the growth of plants by applying to the soil a homogeneous granulated 
fertilizer composition comprising as components urea, ammonium thiosulfate and dicyandiamide the 
foregoing components being in a homogeneous blend by said components being formed into granules from 
a melt of said urea component. 

10. A method as in claim 9 wherein said granules contain a conditioning agent. 

is 11. a method as in claim 10 wherein said conditioning agent is selected from the group consisting of 
urea formaldehyde and calcium lignosulfonate. 

12. A method as in claim 9 wherein said granules contain dye. 

13. A method as in claim 9 wherein said urea is present In an amount of about 90 percent to 98 percent 
by weight, said ammonium thiosulfate is present in an amount of about 0.4 percent to 1.0 percent by weight 

20 and said dicyandiamide is present in an amount of about 1 .4 to about 3.0 percent by weight. 

14. A method as in claim 13 wherein phosphate is present in an amount of about 0.3 percent to 1 0 
percent by weight. 

15. A method as in claim 9 wherein said granules are in the particle size range of about 0.84 millimeters 
to about 4.76 millimeters. 

35 16. A method for producing a homogeneous granulated fertilizer composition comprising: 

(a) providing urea in a molten condition and adding dicyandiamide and ammonium thiosulfate to said 
molten urea; 

(b) removing at least some of the contained moisture from the molten urea containing dicyandiamide 
and ammonium thiosulfate dissolved therein; and 

30 (c) forming said molten urea containing dicyandiamide and ammonium thiosulfate dissolved therein 

into granules. 

17. A method as in claim 16 wherein said ammonium thiosulfate is added to the molten urea as an 
aqueous solution. 

18. The method as in claim 16 wherein said dicyandiamide and ammonium thiosulfate are added to a 
35 portion of molten urea which is then added to a larger portion of molten urea. 

19. The method as in claim 16 wherein said molten urea has a moisture content of about 2 to 8 percent 
by weight when dicyandiamide and ammonium thiosulfate are added thereto. 

20. A method as in claim 16 wherein a conditioning agent is added to said molten urea when said 
molten urea has a moisture content of greater than about 4 percent by weight. 

40 21 . A method as in claim 16 wherein a source of phosphate is added to said molten urea along with the 
dicyandiamide and ammonium thiosulfate. 

22. A method as in claim 21 wherein said source of phosphate is an ammonium phosphate. 

23. A method as in claim 16 wherein said granular fertilizer as produced contains from about 94 percent 
to 98 percent by weight urea, from about 1.4 percent to about 3.0 percent by weight of dicyandiamide and 
from about 0.4 percent to about 1.0 percent by weight of ammonium thiosulfate and less than about 1 
percent by weight of moisture. 

24. A method as in claim 23 wherein said granular fertilizer contains from about 0.3 percent to about 1 
percent by weight of phosphate. * 

25. A method as in claim 23 wherein said granular fertilizer contains from about 0.2 percent to about 1 
so percent by weight of conditioning agent. 

26. A method as in claim 16 wherein said granules have a particle size of about 0.84 millimeters to 
about 4.76 millimeters. 
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